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ABSTRACT
A study has been completed which quantifies the
amount of misregistration allowable on a continuous tone
multi-color image. By the use of color separation filters
and a misregistration device, the actual threshold limits of
registration have been derived for each individual color.
The correlation between the subjective, visual impression,
and the actual numerical quantity have been examined. As a
result the specific threshold limits have been determined and
can be used for any continuous tone imaging application.
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INTRODUCTION
The topic of registration error on continuous tone
multi-color images has been an uninvestigated problem for
quite some time. Its importance may not appear obvious
initially, but it is a problem that causes great difficulties
on an industrial level, as well as a private level, year in
and year out. Color register is the name given to visual
impressions formed by an individual when viewing the fit of
the individual ink layers in a multi-color print. When the
layers of the image are in perfect register it appears to be
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a single, clear print. Once those individual layers begin
to misregister by only thousandths of an inch, the image
appears softer and less defined. As the layers continue to
misregister the image ultimately breaks up completely and
loses all clarity.
This problem is evident in virtually all industries
in the imaging field. It is specifically a problem in the
printing, graphic arts, and photographic industries. In the
printing industry, for example, it has been found that it is
very difficult to hold the circumferential color register
within tolerances on the rotogravure press, as well as nu
merous other presses. The difficulty occurs during the heat
ing and cooling process of the web which causes the color
image layers to shrink or elongate. This can cause these
circumferential color register problems. Other causes of
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misregistration could be faulty color controls, poor web
ten-
q
sion, or cylinder sizing errors. There are also problems in
overlap printing misregistration and offset press printing
misregistration.
Most of the companies and groups attempt to solve
their registration problems by improving the spot-on register
with a pin register system, altering cylinder size, or by
increasing the web stress on the printers in order to main
tain tension and to alleviate the possibility of unwanted
mobility during the printing process. A more accurate and
reliable method which has been used is that of designing a
mathematical model. That quantitatively predicts the color
shift as a function of register. These models cannot only
indicate the direction of the shift, but can also predict the
specific amount that it will shift.
The ability to be able to determine the acceptable
limits of misregister would be a useful tool to have in the
industrial field. It would eliminate the production of large
amounts of waste due to products with registration that is
out of the specific quality control limits for that company -
"The only practical way to minimize misregister waste is to
keep the colors in close proximity of each
other."
Once a
quantitative result has been given to subjective, analyzed
data, the company can be certain of producing a product that
would meet that company's, or anybody's, standards.
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High quality has been a desirable asset to any com
pany since industry began. Recently, with situations the way
they are, extremely high quality and value for your money is
essential to everyone when purchasing a particular item.
The consumer will not purchase a product which is below stan
dards anywhere, because they realize that they can acquire
the item somewhere else where quality control is more crucial.
It is a basic fact that excessive misregistration creates
product wastes that cannot be sold to the consumer. This
means that profits go down, and as a result, prices go up.
In order for a company to stay in an active market, they must
realize that high standards are important, but so is rapid
production. This is a large cause of the misregistered waste
that is often produced. The companies must devise a method
of maintaining high quality standards while continuing with
their rapid output of products. It would be of great benefit
to the industry to have some definite threshold limits to the
misregistration which occurs. If this was in fact accom
plished, the individual would have some useful standards to
work by that would alleviate the guess work that goes along
with the topic of image registration.
When dealing with multi-color images it is important
to distinguish the threshold limits for each individual layer
of color. By using color separation filters, it is possible
to isolate each color and detect the amount of misregister
that can be allowed before that particular color exceeds an
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acceptable limit. It is assumed that each individual layer
has a very different threshold limit, so merely estimating a
standard limit of misregistration would not be very helpful
in dealing with this problem. If this were done, one layer
may have a much lower threshold of misregistration visibility,
so the exceeding amount of allowability would basically be
"overkill"
and would tend to waste valuable time. Consequent
ly, in order to be able to pinpoint the specific limits that
an image can be misregistered, each color must be analyzed,
both jointly and individually, so that its particular impor
tance can be determined. Once this has been accomplished, the
results can be documented and the variation among the regis
tration limits can be virtually eliminated.
It is important that a standard be set so that the
quality of the products that are sold can also be considered
a standard, and the consumer will not have to be wary of any
product that they purchase off the line. Obviously, each
individual industry will have varying methods of quality con
trol, but this may alleviate that necessity for guess work and
excessive waste when it comes to producing a satisfactory
product.
Presently, for continuous tone multi-color images there
is no simple relationship between registration, which is the
quantitative distance of displacement between the individual
layers of color in the photographic print. It is basically
an uninvestigated area at this point, and it would be very
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beneficial, as has been previously discussed, to the photo
graphic imaging industry as a whole to further investigate
this idea. That is exactly the primary goal of this experi
mental undertaking.
The scope of this investigation is based upon the
hypothesis that a correlation can be derived that will quan
tify a specific value for the amount of misregistration allow
able by the visual system. This study has been designed to
test this hypothesis for visual, subjective registration limits,
and statistical limits and error analysis. This analysis pro
vides a result that can be used for any continuous tone photo
graphic color image. This area is one aspect of the imaging
field that has not yet been thoroughly examined, so the pros
pective knowledge of these results can ultimately be benefi
cial to any individual in this area.
EXPERIMENTAL
Prior to starting any experimentation, the correct
materials and apparatus must be chosen which will be used




















Once the materials have been obtained, it is necessary
to construct the misregistration device before the process
can begin. The design is constructed from a wood base and
top. A metal ruler is embedded in the top section of wood
to be used as a ledge to butt the film against, for easier
accuracy in the dark. The two
wood sections are separated by
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V-shaped wooden moldings on opposite sides of the base. The
wood moldings support six ball bearings on each side of the
structure allowing for smooth movement of the misregistra
tion device. Another thin metal ruler is attached to the
front, top-half of the device which protrudes off the sides.
Question mark shaped micrometers with a one-inch turn are
attached to each side of the base in the front, and are butted
up against the metal ruler that is on the top half. A photo
graph of the finished product can be seen in Figure 1. This
apparatus must be thoroughly constructed and allowed to set
for a minimum of 24 hours to ensure its stability. Once this
has all been done, the experimental design can be established
to be followed throughout the exposure process.
As a preliminary step to exposing the film, it is
necessary to discover the accurate exposure time and number
to be used to get the desired sample color and lightness.
The film suggests using an exposure time of 10 seconds. Or
iginally, exposed times of 8, 10, and 12 seconds were tested
at f stops of f/11, f/8, and f/5.6. As a result, these samples
were too washed out. Since these are slide dupes, the film
result is a positive. This means that less time is needed
for an overall accurate sample. Successive tests were made
at f/11 at two-second exposures for each filter and three-
second exposures for each filter. Also, it was set at f/16
and three second exposures were shot through each filter.
The results for these tests were still unsatisfactory.
-man f
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PHOTOGRAPH OF MISREGISTRATION DEVICE
Figure 1
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Professor Tim Callahan was conferred with and suggested try
ing f/32 exposure for five seconds for both the red and blue
exposures, and six seconds for the green exposure. This set
of tests produced acceptable slides and were the times and
exposure used for the final samples.
Before making the final samples it was necessary to
acquire some 8x10 Kodak Ektachrome 6118 film. This type of
film is tungsten balanced, so it was necessary to use an 82A
Wratten filter to change the result to the effects of daylight
film. To account for the larger size film it was also nec
essary to increase the exposure time by 20%. This would make
the red and green exposure 2 seconds and the blue exposure
6 seconds.
The entire premise of this experiment is that each
layer has its own threshold limit, so each layer must be
individually misregistered in order to establish what each
of -those limits are. In order to do this, the decision was
made to misregister the layers in a vertical direction only,
to avoid complication. To accomplish this without a lot of
error, the film was exposed through the first two filters,
the film was covered in a light-tight case, and the device
was misregistered by the given amount. Steps were taken to
minimize variability when replacing the film by placing bor
ders around the area that the film would encompass.
In a stepwise fashion, the procedure can be described
in the following way. First the standard film samples were
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set into the film holder of a Super Chromega F 8x10 enlarger.
This enlarger was used in order to reduce the number of sam
ples necessary from 72 to 18. Once this has been done, the
sheet of film is exposed through the green and blue filters
in succession. Then the sheet of film is placed in a light-
tight box while the lights are switched on, and the micrometers
are moved one-thousandth of an inch. The lights are then
again turned off, and the film is exposed through the red fil
ter. This procedure is continued in steps from one to six
thousandths in one-thousandth of an inch increments. Once all
six of the samples have been made for the red filter, the
same procedure is followed for the green and blue filters.
Remembering that when the green filter is misregistered the
red and blue filters are stationary, and when the blue filter
is misregistered the red and green filter exposures remain
stationary.
The film was marked using scissors so that the sam
ples could be identified easily, but were not detectable
to the subjects being tested. Once all of the samples were
successfully exposed, they were taken to the photographic lab
in the basement of the Gannett Building at the Rochester In
stitute of Technology. After the acquisition of these samples,
they were randomized and labeled so that they were not detect
able to the subject being tested, but were noticeable to the




The results compiled in this experiment can be found
in Table 1 on the proceeding page. These results were obtained
in an investigation completed using untrained observers who
gave independent, subjective, visual impressions of the image
quality of the various misregistered samples that were placed
in front of them on a light table. Each individual was asked
to use the following format to describe the overall image









The samples were previously randomized and the subject
was asked to rate the scene using the above words as descrip
tions. The four images that made up the eight by ten photo
graph were to be looked at as a whole. The bottom left hand
picture, which was that of a woman with a perfume bottle, was
disregarded due to the fact that the enlarger overexposed the
film in that area only and it was difficult to look at sub
jectively. A total of 20 observers judged the slides in the
manner described above. The results obtained from this
Table 1
DATA OBTAINED DURING THE SUBJECTIVE
VISUAL ANALYSIS OF THE SAMPLES
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SUBJECT NUMBER
1 2 3 4 5 6 7 8 9 10
1 6 7 5 4 3 5 3 5 5 7
2 4 6 4 2 2 4 2 2 5 5
3 2 3 4 1 2 4 2 3 4 4
4 3 2 3 1 2 3 2 2 3 4
5 3 2 4 1 3 3 2 1 3 3
6 7 7 7 6 7 7 5 7 7 7































3 2 3 6 4 2 3 2 2 4
6 7 7 6 7 7 7 7 6 7
13 5 7 6 4 5 5 5 6 6 7
14 5 6 6 5 5 6 6 5 6 7
15 2 3 2 1 2 1 2 1 2 4
16 6 7 7 4 6 6 5 7 6 7
17 6 7 7 5 7 5 6 5 6 7
18 4 5 5 1 2 3 3 4 3 6
Table 1 (continued)
DATA OBTAINED DURING THE SUBJECTIVE
VISUAL ANALYSIS OF THE SAMPLES
13
SUBJECT NUMBER
11 12 13 14 15 16 17 18 19 20
1 4 5 6 4 5 6 5 5
4 5
2 3 4 4 2 3 2 3
4 3 3
3 1 3 3 2 3 3 2 3
3 2
4 1 3 3 2 2 1 1 3
2 1
5 1 2 3 3 3 3 1
2 3 2
6 5 7 7 6 6 7 6
6 6 7
7 7 7 7 7 7 7
6 7 7 7
w
PQ
8 1 3 4 3 3 3 3
2 3 1
9 7 7 7





10 1 2 3 3 3
1 2 1 4 3
11 2 1 3 4 2 2
3 2 3 3
<
CO
12 6 7 7 6 7
6 5 6 6 6
13 6 6 5 5 5 4 5 5 5
6
14 2 6 6 6 4 5 4 6
4 5
15 1 2 2 3
3 3 2 2 2 2
16 6 7 6 5
5 4 6 7 5 5
17 6 7 6 5
6 5 3 6 4 6
18 3 5
4 5 4 2 2 2 3 4
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experiment were then averaged for each separate image. Once
this had been done, the averaged values were regrouped into
their respective red, green, or blue groups, and they were
set up in order from one to six. These values can be seen in
Tables 2 and 3, and graphed in Figure 2.
The data was processed using the BMDP2R stepwise re
gression analysis program, copyrighted by the Regents of Uni
versity of California. A sample copy of the program will be
included in the Appendix supplied at the close of this docu
ment.
The averaged values were compiled and sent through
this stepwise regression in order to obtain the a and b values
to be graphed. These values are b, the y-intercept, and a, the
variable point used to plot the parabolic function of the ob
tained data. This supplies the information necessary to deter
mine, graphically, the actual threshold limits for each
separate layer of color in the tri-color continuous tone image.
These previously mentioned values of a and b can be
found in Table 4 of this document. With the a and b values
available, the actual data points for the graphs are deter




- value = ax - b
The x value of the plot is merely the distance of misregistra
tion for each of the determined points. A sample of this
determination can be found in Table 5, and the actual data
points of the plotted values can be found in Table 6. These
15
Table 2






















































VALUES USED TO CALCULATE DATA FOR PARABOLIC CURVES
y-intercept(b) variable(a)
Red Filter Value .4638 .1088
(cyan layer)
Green Filter Value 1.4279 .1122
(magenta layer)
Blue Filter Value 1.5596 .1045
(yellow layer)
Table 5









1 1 .1088 -.3550
2 4 .4352 -.0286
3 9 .9792 .5154
4 16 1 .741 1.277
5 25 2 .720 2.256
6 36 3 .917 3.453
19
Table 6




of an inch Cyan Magenta Yellow
1 -.3550 -1.316 -1.455
2 -.0285 -9.791 -1.141
3 .5154 -.4181 - .6191
4 1.277 .3673 .1124
5 2.256 1.377 1.053
6 3.453 2.611 2.202
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data points were plotted and the actual curves determined can
be found in Figures 3, 4, and 5 respectively for the cyan,
magenta, and yellow layers of color in the continuous tone
tri-color image.
From the graphs provided, the actual threshold limits
can be determined simply by recording the point where the
parabola crosses the x-axis . These values can be rounded off
to the nearest thousandth of an inch for ease in determina
tion. It would be virtually impossible to trust a piece of
equipment to remain within tolerance at any given time.
The values determined can be found in Table 7 below.
Table 7
THRESHOLD LIMIT VALUES FOR EACH OF THE THREE COLORS
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In the process of designing and executing this thesis
project, numerous questions were brought to mind that may be
beneficial to discuss at this point. The original question
to be determined was: How many variations from the standard
should be made, and were combinations of these variations
necessary for the completion of this project. It was decided
that six variations would be adequate. This number was deter
mined through previous experimentation done on other imaging
3
materials, such as dot-on-dot halftones , and various grain
sized films. The range between one and six thousandths was
set with the knowledge that it would be more than one-thousandth,
and most likely less than six-thousandths. If this range was
not adequate, more samples would be made, but that proved to
be unnecessary- The next question to be tackled: Would a
thousandth be a small enough unit of measure to use to give
accurate threshold limits, or would it have to be narrowed
down and further pinpointed? This idea was deliberated, and
it was decided that the limit would be obvious between the
thousandth when using the graphs for determination. Combina
tions of variations were covered to some extent in the experi
mental procedure used. They were possibly not as extensive
as is probable using various groupings and combinations, but
that was determined frankly as outside the scope of this ex
periment. It may be used as a basis for further, more in-depth
experimentation in the future though.
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Another question to be addressed was whether or not
the direction should be horizontal or vertical, or whether a
variation of the two should be tested. One direction, verti
cal, was decided upon as being adequate for the testing of
the material and image quality available. This conclusion
was drawn from the fact that the images were detailed and
different enough to cover both the horizontal and vertical
line structure of the device. This also made it obvious to
see that the different images either help or hinder the mis
registration effects when direction is taken into considera
tion.
One other idea to take into account was that of deter
mining what method would be used to analyze the data obtained.
The method of paired analysis was discussed and was used as a
background analysis for the subjects. Also, the method of
categories programs were discussed, but in the end were ruled
out as being unnecessary. The final decision was made to use
the regression analysis on the data to formulate just noticeable
difference curves for each of the layers of dye. These curves
represent the value where there is a just noticeable amount of
misregistration, making it displeasing and unacceptable to the
standard observer. This was determined as an adequate method
to be used, and has proved to produce accurate, distinguishable
results that can be used to describe the threshold limits of
this given type of material.
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The above described questions were the main problems
that had to be "smoothed
out"
prior to the experimentation
process. There, of course, were other obstacles to be
over
come, such as exposure time and f-stop to be used to produce
adequate reproductions of the original slides. This was
actually the main time and expense consumer
throughout the
entire experiment. After that hurdle was overcome, the
follow-
up experimentation and analysis proceeded




In conclusion, it is essential to reiterate the im
portance of the determination of the specific threshold limits
for the various dye layers that make up the tri-color contin
uous tone image. Misregistration has been cited as a large
contributor to the excess waste created on the industrial
cite as a result of registration errors on a wide variety of
products. In this day and age where the consumer is very
money and quality conscious, it seems crucial to maintain
strict standards in order to remain in the active market.
In order to maintain high quality standards it is also
essential to establish definite threshold limits of the mis
registration that occurs. It is unreasonable and also poten
tially damaging to believe that no misregistration will occur
or should be allowed. If that were the case, production rates
would diminish and profits would be curtailed. It is a fact
that there is a certain level of detection to the naked eye
where, below this level, faults or minute errors in the prod
uct's appearance remain undetectable. If this is indeed fact,
this idea can be capitalized upon by making the most of that
restriction in our vision. The term just noticeable difference
is given to this concept of a threshold limit of perception.
Once this limit is exceeded though, the viewer can detect the
flaw and will not find the product acceptable.
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This concept was the basis of this thesis topic. Once
the threshold limits have been determined, virtually anyone
in the color imaging industry can utilize the data obtained
to increase quality control and to minimize waste products.
In order to make the most out of the data obtained,
each separate dye layer was analyzed to find its specific
threshold limit. This proved to be crucial because the dif
ferent layers had very different limits with a range of var
iance of almost two-thousandths. The main reason that it is
essential to test each layer is because you can determine which
layer of dye you can be more lenient with during registration,
and which layers need extremely tight tolerances.
It was determined in this investigation that the cyan
layer must be maintained with the strictest tolerance. The
actual value that this layer may be mispositioned is merely
two-thousandths of an inch. This is not an easy task to main
tain when in a hurry, so it should be carefully monitored
during the process. Next in line is the magenta layer of dye
in the tri-color image. This layer has a threshold limit of
3.6 thousandths of an inch. This is not as difficult to main
tain because it is fairly obvious when the image has been mis
registered to such a degree. The yellow layer is very close
in tolerance to the magenta layer with a value of 3.85 thou
sandths of an inch. Even a rapid production line level, a mod
erately skilled worker can maintain the layers within that
range, but if the standard limits had not been set, the worker
may not be aware of the fact that varying threshold limits
occur .
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Misregistration in itself is detrimental to the com
pany. In this respect it is necessary that the employee be
informed of such limits, and that they take care in remaining
within the limits that were determined. There is also another
reason to back up the idea of the importance of having estab
lished these limits. There may also be a case where produc
tion is hindered by an overcautious worker who feels that an
amount of misregistration would be unacceptable and detrimental
to their job status. As a result, they may spend much more
time than necessary in completing each job. In most cases,
this is not desirable. The knowledge of these limits will allow
them to be a little more relaxed, to an acceptable limit,
and the job will be accomplished much faster.
An additional aspect to discuss is that of: the amount
of misregistration visible also is affected by the scene being
observed. In the process of analyzing the samples produced,
it became evident that misregistration was much more prominent
on one of the pictures than it was on the next. Apparently
the images with a larger amount of horizontal and diagonal
lines appeared to be more visually displeasing earlier into
the misregistration scale. This was undoubtedly a result of
the fact that they were misregistered vertically. The image
with more vertical lines did not accentuate the misregistra
tion to as large a degree. The final image that was observed
had mainly diagonal or wavy lines, and was very difficult to
detect the amounts of misregistration, even in the extreme
cases .
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To take this into account, it was necessary to state
that the viewer judge the overall impression of the color slide
as a whole. This appeared to alleviate the difficulty to a
large degree.
Finally, the importance of this study has been stres
sed and described in the past few paragraphs. The actual
limits have been determined utilizing this experiment and are
applicable to any instance where tri-color continuous tone
images are the medium.
There is a potential for additional studies with this
process to further the progress in defining the limits of the
various imaging systems and materials. That would go beyond
the scope of this project though, and could be considered as
an interesting topic for future experimentation in this field.
31
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FILE='REDC.DAT'
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<**** TRAN PARAGRAPH IS USED *****
PROBLEM TITLE IS
REGRESION
JUMBER OF VARIABLES TO READ IN 2
4UMBER OF VARIABLES ADDED BY TRANSFORMATIONS. . 1
TOTAL NUMBER OF VARIABLES 3
DUMBER OF CASES TO READ IN TO END
;ASE LABELING VARIABLES
1ISSING VALUES CHECKED BEFORE OR AFTER TRANS. . NEITHER
3LANKS ARE MISSING
INPUT FILE REDC.DAT
REMIND INPUT FILE PRIOR TO READING. . DATA. . . YES
DUMBER OF NORDS OF DYNAMIC STORAGE 19998
VARIABLES TO BE USED




Rank the following samples on a scale from 1-7





























PHOTOGRAPH OF PERFECTLY REGISTERED IMAGE SAMPLE
36
PHOTOGRAPH OF THE MOST DRASTICALLY MISREGISTERED SAMPLE
OF THE CYAN LAYER
37
PHOTOGRAPH OF THE MOST
DRASTICALLY MISREGISTERED SAMPLE
OF THE MAGENTA LAYER
38
PHOTOGRAPH OF THE MOST
DRASTICALLY MISREGISTERED SAMPLE
OF THE YELLOW LAYER
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